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Summary 3a-Hydroxysteroid dehydrogenase (3a-HSDH) 
from P. testosteroni, 7a-HSDH (Escherichia coli ATCC #29532) 
and I2a-HSDH (Clostridium group P, strain C48-50, ATCC 
#29733) were used to directly measure 3a-, 7a-, and 12a-OH 
groups in extracted human bile-rich duodenal aspirates. 
Twelve samples chosen for widely differing ratios of cholid 
chenodeoxycholic/deoxycholic were computed by solving 
three simultaneous equations. Comparison of these ratios 
with those obtained by a )  thin-layer chromatography and 
3a- and 7a-HSDH assays and b) gas-liquid chromatographic 
analysis showed no significant difference. Addition of known 
aniounts of pure cholic, chenodeoxycholic, deoxycholic, or 
lithocholic acid to individual bile extracts gave an appropri- 
ate yield of' 3a-, 7a-, and 12a-OH groups. The direct 
(non-chromatographic) enzymic method has the advantages 
of being rapid, convenient, and inexpensive, and thus suit- 
able for clinical use.-Macdonald, I. A., C. N. Williams, 
and B. C. Musial. 3a-, 7a-, and 12c4a-OH group specific 
enzymic analysis of biliary bile acids: comparison with gas- 
liquid chromatography.]. Lipid Res. 1979. 20: 381-385. 

Abbreviations: C, cholic acid; CDC, chenodeoxycholic acid; 
DC, deoxycholic acid; LC, lithocholic acid, NAD, @nicotinamide 
adenine dinucleotide; NADP, /3-nicotinamide adenine dinucleo- 
tide phosphate; HSDH, hydroxysteroid dehydrogenase; GLC, 
gas-liquid chromatography; TLC, thin-layer chromatography. 

Supplementary key words 3a-, 7a-, and 12a-hydroxysteroid 
dehydrogenases . hepatofluorohutyrates 

Individual bile acids can be quantified by gas-liquid 
chromatography ( 1-4) and separated by thin-layer 
chromatography (TLC). Thin-layer chromatography 
is usually combined with enzymic or  chemical methods 
to measure individual bile acids ( 5 ,  6). The  disad- 
vantage of TLC is the failure to separate bile acid 
components such as the glyco- and tauro-conjugates 
of isomeric, a-dihydroxy-5/3-cholanoates. Additionally, 
TLC requires preparative cleansing, and the elution of 
bile salts from silica is incomplete. 

In this communication we report the direct, non- 
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Fig. 1. Standard curve for 3a-HSDH (closed circles, 0-O), 
7a-HSDH (closed triangles, A-A), and 1 2 ~ - H S D H  (closed 
squares, - m) using taurocholate as substrate. Assays were 
performed in duplicate. 
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TABLE 1. Comparison of the ratios of cholidchenodeoxycholiddeoxycholic acids and total 

and thin-layer chromatography and 3a- and 7a-HSDH assays (c) 
bile acid concentrations by direct enzymic assays (a), gas-liquid chromatography (b), 

Percentage Composition 

Sample" Cholic Chenodeoxycholic Deoxycholic Total 

a 
1 b  

c 

'3 

2 b  
C 

a 
3 b  

C 

a 
4 h  

c 

a 
5 b  

C 

a 
6 h  

C 

a 
7 h  

c 

a 
8 b  

c 

a 
9 h  

c 

d 

IO b 
c 

a 
1 1  h 

c 

a 
12 b 

c 

Average values 
t 1 SD 
d 

h 
c 

Normal (N  = 7)b 

49.2 
52.0 
54.6 

50.0 
46.0 
54.2 

45.7 
42.0 
39.3 

28.8 
23.0 
26.6 

55.1 
58.0 
60.6 

53.0 
54.0 
.i 1.6 

58.3 
54.0 
55.3 

65.5 
63.0 
58.9 

51.8 
47.0 
49.3 

38.3 
38.0 
41.5 

37.1 
35.0 
37.2 

55.8 
.io.o 
51.2 

49.1 i 10.2 
46.8 t 11.0 
48.4 t 10.1 

42.5 i- 5.8 

39.6 
34.0 
32.8 

44.8 
44.0 
3 9 3  

20.2 
23.0 
25.0 

25.7 
28.0 
25.2 

31.9 
28.0 
26.6 

41.8 
36.0 
38.1 

3 1 .o 
35.0 
33.4 

24. I 
24.0 
25.8 

44.8 
46.0 
44.0 

36.0 
34.0 
36.0 

36.9 
35.0 
34.4 

40. I 
40.0 
42.4 

34.7 i- 8.2 
33.9 2 7.3 
53.3 i 6.9 

34.5 ? 2.6 

11.2 
14.0 
12.6 

5.2 
10.0 
6.3 

34.1 
35.0 
35.7 

46.5 
49.0 
48.2 

13.0 
14.0 
12.8 

6.2 
10.0 
10.3 

10.5 
1 1.0 
11.3 

10.4 
13.0 
15.3 

3.4 
7.0 
5.8 

25.7 
28.0 
22.5 

26.0 
30.0 
28.4 

4.1 
10.0 
6.4 

16.3 t 13.7 
19.3 t 13.1 
18.0 t 13.2 

23.0 * 7.4 

mM 

41.5 
32.0 
46.8 

65.3 
81.0 
74.3 

37.0 
25.0 
34.0 

46.0 
43.0 
43.6 

34.0 
4 1 .o 
38.8 

45.0 
75.0 
43.3 

20.0 
14.0 
17.5 

35.0 
43.0 
34.3 

7.0 
9.0 
5.85 

60.0 
93.0 
62.8 

15.0 
15.0 
14.7 

76.0 
54.0 
72.8 

40.2 i- 20.4 
43.8 r 27.5 
41.1 t 20.9 

" All bile samples were obtained from feiirale subjects; samples 1-4 were each obtained 
from patients with gallstones (radiologically norl-visua1izc.d gallbladder, sample 4); samples 
5-8 from normal women taking oral contraceptives, sarnple 9 from an infant with celiac 
disease, and samples 10- 12 from noi-mal w~1111e11 on no tnetlicatiorl. 

!' Reference # 19. 

chromatographic use of three group-specific bile acid 
hydroxysteroid dehydrogenases (HSDH) to rapidly 
compute the ratios aiid amounts of the three main bile 

acids in human biliary extracts. We compare these 
rcsults with those derived both from CLC and TLC 
as previously described (4-7). 
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TABLE 2. Correlation coefficients (r values) for comparison of 
the percentage composition and total bile acid composition 

Cheno- 
# Comparison Cholic deoxycholic Deoxycholic Total 

% 

1 A'versus Bb 0.96 0.93 0.99 0.80 
2 A versusCc 0.91 0.90 0.99 0.98 
3 BversusC 0.95 0.96 0.99 0.83 

A, direct enzymic assay. 
B, gas-liquid chromatography. 
C, thin-layer chromatography and enzymic assay. 

MATERIALS 

3a-Hydroxysteroid dehydrogenase was purchased 
from Worthington Enzymes, Freehold, NJ. All bile 
acid standards were obtained from Calbiochemicals, 
Los Angeles, CA, and /3-nicotinamide adenine dinucle- 
otide (NAD) and @nicotinamide adenine dinucleotide 
phosphate (NADP) were obtained from Sigma Chemi- 
cals, St. Louis, MO. 

METHODS 

7a- and 1 2a-Hydroxysteroid dehydrogenases 
7a- and 1 Pa-hydroxysteroid dehydrogenases were 

prepared as described earlier (7,8). Lyophilized prepa- 
rations were stored at -20°C. 

Extraction of bile-rich duodenal aspirates 
Bile-rich duodenal aspirates were collected as de- 

scribed before (9) and extracted according to Folch, 
Lee, and Sloane Stanley (10) and analyses were per- 
formed in duplicate. The combined top phases were 

evaporated to dryness, reconstituted into a volume of 
methanol-3% hydrogen peroxide solution 4: 1 identical 
to that of the original aliquot. Aspirates were collected 
from normal women taking oral contraceptives (for 
high cholic and low deoxycholic acid proportion), 
patients with gallstones, a patient with a non-function- 
ing gallbladder (for a high deoxycholic acid propor- 
tion), and a patient with celiac disease on tetracycline 
(for a low deoxycholic acid proportion). 

Spectrophotometric assay systems for 3a-, 7a-, 
and 12-OH groups in biliary extracts 

3a-OH Groups. Cuvettes contained 0.9 ml of 1.0 M 
glycine/NaOH buffer pH 9.5, 50 p1 of 53 mM NAD,  
1- 10 p1 of extracted bile acids in solvent (lo),  and 
20 p1 of freshly prepared P. testosteroni 3a-HSDH (4 
mg/ml distilled water). All constituents (except the 
enzyme) were introduced into the cuvette, mixed 
thoroughly, and read at 340 nm in a Beckman DB-GT 
spectrophotometer equipped with a 10 in recorder. 
The enzyme preparation was introduced subsequently, 
and the cuvette was monitored until no further ab- 
sorbance could be measured; the total absorbance at 
340 nm was recorded. Total 3a-OH groups were com- 
puted on the basis of the 'NADH = 6.2 x lo3 (1 1). 
All assays were performed in duplicate. 

7a-OH Groups. The assay system described for 3a- 
OH groups was utilized except that 10 pl o fa  solution 
of lyophilized E .  coli 7a-HSDH (5 mg/ml distilled 
water) was used instead of 3a-HSDH. 

12a-OH Croups. The assay system described for 
3a-OH groups was utilized except that 20 PI of a 
solution of lyophilized Clostridium group P strain C48- 
50 12a-HSDH (10 mg/ml) was used instead of 3a- 
HSDH, and NADP was used instead of NAD. 

TABLE 3. Recovery of bile acid standards on addition to sample in cuvette and standard bile acid assays 

Percent Recovery o f  Hydroxyl Group 
on Addition of Standard t o  Sample Final Absorbance Change at 340 n m  

# Cuvette Contents 3a- HS D H 7a-HSDH 12a-HSDH ~ Q - H S D H  7 a - ~ ~ ~ ~  i 2 a - n s D H  

2.5 p1 duodenal bile sample alone 
2.5 p1 duodenal bile sample 

2.5 p1 duodenal bile sample 

2.5 pI duodenal bile sample 

2.5 pl duodenal bile sample 

+ 10 p1 2 mM cholic 

+ 10 p12 mM CDC 

+ 10p12mMDC 

+ 1 0 p l 2 m M L C  

Measured standard bile acids added 
10 pl 2 m M  cholic 
10 pl 2 mM CDC 
10 pI 2 mM DC 
10 p12 m M  LC 

0.254 + 0.001 0.230 t 0 0.177 t 0.002 

0.380 + 0.005 0.355 k 0.002 0.300 k 0.004 102 I O  1 99 

0.378 ? 0.003 0.353 t 0.004 0.176 + 0.003 99 100 

0.378 k 0 0.230 t 0.002 0.301 + 0.002 99 100 

0.382 k 0.004 0.228 2 0.001 0.177 + 0.004 102 

0.124 + 0.002 0.123 2 0.002 0.124 + 0.003 
0.125 2 0.003 0.124+ 0 0 t 0 
0.125 ? 0.001 0 2 0  0.124 2 0 
0.126 2 0.002 0 + 0  0 k 0 
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Calculation of the ratio of cholic chenodeoxycholic 
deoxycholic acids 

The ratio of cholic/chenodeoxycholic/deoxycholic 
acids was computed by solving three simultaneous 
equations as previously proposed ( 12): 

A,, = k((C) + (DC) + (CDC)) 

A,, = k((C) + (CDC)) 

AI,, = k((C) + (DC)) 

where A,,, A7,, and AI2, are the absorbance values 
of the NAD(P)H produced and (C), (CDC), and (DC) 
represent the final concentrations of cholic, chenode- 
oxycholic, and deoxycholic acids. The constant k relates 
absorbance to the bile acid concentration and is essen- 
tially identical to the E value of NAD(P)H which is 
6.2 x lo3. All analyses were performed under condi- 
tions where these reactions go to completion. 

Analysis of bile acids by gas-liquid 
chromatography 

The ratio of C/CDC/DC was also determined by 
gas-liquid chromatography after derivatization of the 
extracts to the hepatofluorobutyrates (4), and the re- 
sults were directly compared with both the direct and 
chromatographic enzymic approaches. 

RESULTS AND DISCUSSION 

Superimposable standard curves for taurocholate 
as estimated by each individual enzyme (3a-, 7a-, and 
12a-HSDH) are shown in Fig. 1. Using 0.1 M glycine/ 
NaOH buffer and in the absence of hydrazine, we were 
able to achieve complete oxidation of 3a-, 7a-, and 
12a-OH groups of both conjugated and unconjugated 
bile acids with three group-specific enzymes. The bile 
acid percentage composition as measured by the three 
methods for all 12 samples is shown in Table 1; pub- 
lished values for normal subjects are shown for com- 
parison ( 13). 

There is close agreement among the three methods 
as shown by comparison of the averages as well as by 
the correlation coefficients (Table 2). As can be seen, 
the comparison of the ratios determined by the three 
methods is excellent, with r values exceeding 0.90, 
thus validating the direct approach and the assumption 
that minor components can be neglected in these 
particular human bile samples. A comparison of the 
total bile acid concentration in the sample by GLC 
gave slightly lower r values (Table 2). This result 
presumably reflects differential losses by the methods. 

When a known amount of prestandardized bile 
acid solutions (cholic, chenodeoxycholic, deoxycholic 

or lithocholic acid) was added to a cuvette containing 
an aliquot of duodenal bile sample, the recovery in 
terms of hydroxyl groups of standard measured was 
quantitative (Table 3). Additionally, the data demon- 
strate the absolute specificity of the 7a- and 12a-HSDH 
preparations for their respective hydroxyl groups, as 
demonstrated before (7,8, 14- 16). It has been shown 
earlier that both 7a- and 12a-HSDH react with both 
conjugated and free bile acids (7, 8, 14- 16). 

Thin-layer chromatography of samples indicated 
that minor bile acids (lithocholic, ursodeoxycholic 
and oxo-bile acids) were present only in trace amount 
(<5%). It must be emphasized that the presence of a 
disproportionate amount of any of these normally 
minor components would negate the direct method 
since it assumes a mixture of the three major bile 
acids, cholic, chenodeoxycholic, and deoxycholic acid. 
Thus, in situations such as ursodeoxycholic acid 
therapy for dissolution of cholesterol gallstones or 
cholestatic liver disease (17), this direct enzymic ap- 
proach would not detect the increased amounts of 
ursodeoxycholic and lithocholic acid, respectively. 

Additionally, the presence of bile acid-sulfates can- 
not be detected by the enzymic method, thus the 
composition results reflect the unsulfated form. Al- 
though lithocholic sulfate has been shown to be present 
in normal human bile, it represents only a very small 
fraction of the total bile acid pool (18). Although 
neither GLC nor the direct enzymic method will reveal 
the ratio of glycine to taurine conjugated bile acids, 
the enzymic analysis after TLC will give this informa- 
tion and non-chromatographic methods for estimating 
this ratio are also available (19, 20). The use of triple- 
enzyme kit for biliary bile acid analysis would provide 
an inexpensive, simple, non-chromatographic, and 
potentially automatable method (2 1) for biliary bile 
acid analysis in clinical practice.m 
This work was supported by grant #MA5075 from the 
Medical Research Council of Canada and by Dalhousie 
University Internal Medicine Research Fund. We are in- 
debted to Mrs. Sherry McCarthy for her excellent technical 
assistance. 
j21anuscnpt receaved 25 June 1979 and zn reused form 16 October 1979. 
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